C oncrete has been known since ancient times, the oldest known samples found are from around 7000 BC used as an infill in walling in Galilee. Ready mixed concrete, however, has only been available in the UK since 1931 with the first load being delivered in May of that year. Since this pioneering load, the ready mixed concrete industry has grown until it now provides the overwhelming majority of concrete used in the UK. This ranges from concrete for garden paths to concrete for use in nuclear reactors, linings for safes and lightweight concrete that has such a low density that it will float. All of this is available by the use of specialist materials and/or admixtures such as polymers to modify the chemical or physical properties of the final product. The concrete manufacturer would require prior notice to prepare special mix designs, with the weights of all of the materials accurately determined to provide both the fresh and hardened properties required by the customer.
Concrete production plants, becoming known as concrete factories, carry standard materials consisting generally of sand, cement, and coarse aggregate, either gravel or crushed rock, together with a supply of potable water and, generally, concrete admixtures. All of these materials are blended together during the mixing process in batches dependant on the size and capacity of the plant.
The capacity of the plant is fixed by the weighing capacity of the system in that the materials can only be weighed up to the range permitted by the scales and the weigh hoppers. The capacities of plants in the UK range from 2 tonnes to 16 tonnes of aggregate, weighed in open-topped weigh hoppers, and 0.5 tonnes to 3.5 tonnes of cementitious material weighed in a closed weigh hopper with adequate ventilation to ensure accurate weighing of the materials. In the case of the cementitious material, the volume of the weigh hopper becomes a factor in the capacity of the plant.
Many plants carry Ordinary Portland Cement (OPC) and additions such as Pulverised Fuel Ash (PFA) or Ground Granulated Blast Furnace Slag (GGBS) to provide alternative mix properties to those available using only OPC. The GGBS, and the PFA both have lower densities than OPC and therefore occupy greater volumes for the same mass. In the case of GGBS this figure is approximately 7.5% higher whilst for PFA it rises to approximately 35.7% higher. Current European Standards require that OPC and GGBS or PFA are blended in specific ratios and so the weighing of these materials is critical to the compliance of the blended mix.
Concrete plants range in age from 1960's to new stateof-the-art plants. The technologies used range from weighing systems utilising levers, some with retrofitted single load cells, some still based on pneumatic transducers and actuators, to multiple load cell systems with analogue or digital displays. In some cases the aggregates may still be weighed by lever systems whilst the cement has been upgraded to a load cell system or vice versa. In addition to the above systems that are normally used in tower or overhead plants, there are a number of back weigh systems in use. These generally consist of hoppers of 14 tonne to 20 tonne capacity that are suspended on load cells, often four in number, containing aggregates. These systems work on loss of weight rather than the usual cumulative weighing used in the more conventional systems.
There are many direct and indirect imperatives that demand close attention to the quality of construction materials, not least the assurance of the safety and integrity of structures that may have to endure harsh environments for many years. Two companies, QSRMC and BSI, assess the majority of the ready mixed concrete industry for compliance to quality criteria. Not all concrete suppliers are assessed by either of these companies, as the requirement to belong to either scheme is voluntary. As a percentage of the whole industry, QSRMC assesses and approves approximately 75% of all plants.
The requirement for installation, calibration and accuracy are set out by each organisation within its regulations. BSI requirements will be available on application whilst the QSRMC regulations are readily available from its web site at qsrmc.org.uk. These include information on the requirements for procurement, calibration facilities and mandatory intervals together with the requirement for the company to ensure that the calibration specialist completes all checks to an agreed written procedure. To this end there is a requirement that the specialist shall be witnessed and audited on an annual basis, with records being made of the outcome of these audits.
When a company is to install either a new plant or a new weighing system it is required to take the following requirements into consideration: G Temperature variations on the output from load cells. G Load cell linearity. G External electrical interference. G The capacity of the load cells relative to the working load. G Structural stability of all elements of the weighing system. G Access to calibration adjustments. G The stability and cleanliness of compressed air supply for pneumatic weighing systems. G Adequate calibration facilities.
All of the above items are good practice and are those that should be considered in the procurement of any weighing system. In many cases, particularly with older plants, the weigh gear is exposed to atmospheric conditions, wind loading in particular, to a greater extent than that experienced in other areas of weighing. Care has to be taken with respect to the specified accuracy of measurement required, although the minimum requirements of the certification bodies must be complied with. With modern environmental restrictions this has been reduced incidentally rather than by design. All modern plants are now fully shielded to reduce atmospheric pollution.
In addition to the above, the QSRMC Regulations also lay down the minimum requirements for scale increments on analogue readouts required to be available to the operator in the operation of the plant during batching. These are not greater than 10 kg for cementitious materials, 50 kg for aggregates and 10 kg for water. Some plants have preset facilities and where these are available the preset controls are to be divided in increments of half of the manual values for cementitious materials and aggregates, whilst water values remain at 10 kg.
For digital displays the increments are fixed as for the preset controls above.
Concrete is a material that has all materials weighed but is sold by volume and as such is checked by Trading Standards Officers as the weight of concrete to produce one cubic metre of fully compacted concrete. To this end the concrete supplier has to have up-to-date values for the specific density of all of the materials in use and the proportions in which they are combined to produce the product. Some companies have one material constant, such as a coarse aggregate. Other companies will vary the weights of all of the constituents to produce one cubic metre of concrete regardless of cement content and thereby strength. This requires the producer to have the latest physical properties of the incoming materials to the plant. The information is obtained either by direct laboratory measurement by the producer or it can be obtained from the aggregate supplier. In either case all laboratory equipment has to be regularly calibrated by specialists. This is achieved in many companies by having UKAS accreditation for the testing of aggregates and the design of concrete mixes.
When the plant is first commissioned, the tolerances for the weigh gear are stipulated by the following extract from the QSRMC regulations: G At the time of installation, or reconditioning, the accuracy of the indicated weight at any point on the scale shall be within 0.25% of the full-scale reading. G At any other time during operation the accuracy shall be within 0.50% of the full scale reading For continuing compliance with the regulations the company is required to ensure that: G All weighing and measuring equipment shall be tested and calibrated, over its full working range, by a relevant specialist every three months and immediately following any modification or repair that could have affected its accuracy. G In the case of batch weighing systems, testing and calibration shall be by the application of test loads to the weigh hoppers.
Consideration may have to be given to the use of nonuniform weigh hoppers such that the points of application of the test weights pass through the centre of gravity of the system.
The method of control of the concrete design is by use of 
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Vol 38/6 July 2005 www.instmc.org.uka custom plot for each plant -this being based on a "standard" mix with a known strength and cement content. All other mixes are converted to this standard mix and the results plotted. Due to changes in material properties, in particular cement strength, trends are determined and when changes are needed these are notified to the plants and action taken. These changes are implemented in 5 kg increments and the proportioning of the other constituents of the mix may also have to be adjusted -thus an accurate weighing system is vital to the maintenance of concrete to meet the customer's specification. This requirement is very much in the interests of the general public as it can affect public works, housing, bridges, buildings, dams and other structures all utilising concrete in a variety of strengths and appearance.
The ready mixed concrete industry, whilst a comparatively young industry, has taken on the requirements for good stable and accurate weighing systems and incorporated it into the operating systems with a will. Sources within the industry indicate that the production of ready mixed concrete is in the region of 25 million cubic metres, approximately 60 million tonnes, per year. All of this material has had to be weighed, accurately, loaded and transported on our transport system. Despite the fact that the product is a partially finished product the incidence of failed concrete caused by incorrect batching, mishandling or mistreatment at site is very small, largely due to good control systems by the suppliers, consistent materials and accurate weighing.
